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AN INTERACTIVE DATA BASE APPROACH TO THE 
FORMALIZATION AND USE OF 
METAL CUTTING RELATED DATA 
by 
John L. Eckenrode 
Abstract 
Technical feasibility was demonstrated for a 
computerized interactive system to reduce the time 
and cost of collecting metal cutting data and 
maintaining an associated data base.  Totally manual 
systems to perform this task are usually time 
consuming and expensive.  The real-time interactive 
capability of the system developed reduces the 
complexity of the task as seen by the user and 
permits job shops without access to in-house computers 
to use the system. 
The data base is organized to hold four basic 
files of machining related information.  The first 
file contains machinabi1ity data describing processing 
capabilities for specific sets of independent 
variables such as workpiece material and t,ool type and 
geometry.  A second file is used exclusively to expand 
the machinability data in the first file.  A parts 
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family file is used to describe the operation sequence 
for common parts manufactured at each plant.  A 
machine tool description file contains details of 
important cost centers and machine tools, their feeds, 
speeds, powers and overhead rates.  The latter two 
files are developed for an individual plant while the 
first two files are general in nature. 
Several applications were demonstrated using the 
system developed.  First, a main analysis program for 
detailed analysis of metal cutting conditions was 
interfaced with the system.  This program is capable 
of recommending tool types and geometries, speeds 
and feeds and other metal cutting independent 
variables for minimum cost and maximum production. 
A shop work order form generator was added to this 
program, using the part operation sequence data in the 
parts family file.  This shop work order program is 
capable of generating actual machining instructions 
for use by operators on the machine shop floor. 
Finally, a transfer line simulation system using the 
data base was demonstrated to be technically feasible. 
The system was shown to be useful in work conducted 
at a medium sized job shop.  This work resulted in 
documented cost savings.  Furthermore, it can be 
assumed that when more applications are designed which 
use the data base, total savings will increase. 
This is because existing applications programs will 
not have to carry so much of the data base overhead. 
Description of programming logic development and 
details of input and output design are presented.  The 
system is designed with sufficient flexibility to 
permit adaptation to constraints and conditions 
specific to most machine shops.  A comparison is 
made between this system and three other systems 
which require formalized data in machine-readable form 
for the computer. 
Chapter 1 
INTRODUCTION 
The major objective of the research reported in 
this thesis was to develop a conceptual model and 
interactive data base system for improving metal 
cutting efficiency.  Over the past several years 
research has been conducted at Lehigh University in 
this general area.  This thesis builds upon this 
established body of knowledge and computer software 
packages. 
The basic approach to the development of an 
interactive data base system utilized a digital 
computer.  This computer assisted system permits man 
and machine to compliment one another.  Attention was 
given to the interactive aspects of data col lection and 
the development of a readily accessible file structure 
for machining data.  These developments improve the 
ability of a metal cutting information system to 
reduce costs of machining operations and increase 
productivity. 
Objectives of the system developed can be 
summarized as follows:  It should be technically 
feasible, provide accurate information where needed, --- 
and be economical.  An economical system is one which 
has benefits greater than its costs.  The preliminary 
work consisted of reviewing current literature to 
determine the advantages of using the computer in 
systems dealing with metal cutting.  In addition, 
manual systems and related concepts were investigated. 
Data base and time sharing concepts were a primary 
area of research.  As part of the thesis study, an 
analysis defining the interface between computer 
systems and the formalization of metal cutting in- 
formation was accomplished. 
The resulting system can be viewed as a data 
base with on-line maintanence capabilities.  The data 
base is divided into distinct files which fit into 
the "plant data," "machining data," or "part data" 
categories.  "Plant data" relates to a shop and its 
available equipment, machine tools and their feeds, 
speeds and available powers.  "Machining data" is 
developed within specific plants or is extracted 
from commercial reference sources.  It deals with 
machining capabilities for various operations and 
workpiece materials.  "Part data" is a file capable 
of holding coded operation sequence information for 
common parts to be analyzed in a given plant. 
The thesis includes a demonstration of the 
technical feasibility of the data base and supporting 
maintanence systems.  Several on-line and batch 
applications are discussed in the System Design, 
Examples and Recommendations for Future Work Chapters 
of this thesis.  An important example among these 
applications is a detailed metal cutting cost analysis 
system for use in job shops, designed and written by 
E. Zimmers. (1)  Another detailed analysis is given 
for the system as a data base for a transfer line 
computer simulation program.  In addition to 
demonstrating the technical feasibility of this 
simulation system, a recommendation for future research 
is included in Appendix III. 
Finally, a case study was conducted where the 
system and associated applications programs were 
applied to problems encountered at a metal cutting job 
shop near Lehigh University.  This case study aided 
in model development and the resulting system design. 
In addition, an economic analysis of the case study 
was done to serve as the system economic justification. 
Chapter 2 
PROBLEM DEFINITION" 
Before any machining operation can be performed, 
certain independent variables must be specified.  For 
example, linear feed rate, rotational speed and 
depth of cut must be determined.  Often, cutting tool 
geometry, material and type of tool holder must also 
be selected.  Dependent variables such as surface 
finish, size tolerance and machine tool power required 
must be within acceptable limits.  Most any metal 
cutting operation can be performed using different 
sets of conservative cutting condition parameters. 
However, in general, conservative methods are not as 
efficient in an overall economic sense for the shop 
i nvolved. 
For most shops, metal cutting variables are 
determined by a standards, methods or process planning 
group.  In small shops or in exception cases, the 
variables may be left up to the foreman or machinist 
on the shop floor.  Regardless of how metal cutting 
variables and process sequences are determined, there 
should be available an organized body of information 
in the area of metal cutting and shop operations. 
This information must encompass possible performable 
process sequences, metal cutting capabilities and 
machine tool capabilities.  All these data are 
involved in the planning of each job from a macro- 
economic standpoint, for example, by the estimating 
department, and a micro-analytic standpoint, by the 
process planning department.  Many previous computer 
assisted systems have dealt with this analytical 
phase of the problem, some of these systems are re- 
viewed in Appendix 1.  It would seem that a computer 
assisted system to organize the large pool of 
knowledge (data) would also be valuable. 
This, therefore is the primary problem area 
dealt with in this thesis, how to organize the data. 
Any workable solution must provide proper man-machine 
interfaces.  It must also be capable of interfacing 
with existing systems dealing with the data analysis 
phase of the problem!  Furthermore, the data base 
system should be generalized. 
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Chapter 3 
BACKGROUND INFORMATION 
As shown in Figure 3-1, if metal removal is 
done too slowly, the job becomes labor intensive. 
If the work is done too rapidly, tools wear quickly 
or break and must be replaced.  Excessive costs are 
incurred for tool change times and for the tooling 
itself.  Of course, the problem is made complex by 
the various dependent and independent variables 
entering into tool performance. 
Some of the first documented experimental work 
in metal cutting parameter specification was done by 
F. W. Taylor (2) in the early 1900's.  Taylor realized 
that the economics of machining were affected by the 
selection of machining parameters;  feed, speed, 
depth, etc.  In his examination of metal cutting 
phenomena, he developed a logarithmic relation between 
cutting speed and tool life time.  Refer to equation 1 
VTn=C (Equation 1) 
where V= cutting speed, feet/minute 
T= tool life, minutes 
n= toxrl life exponent or Taylor exponent 
and  C= a machinabi1ity constant, also known as the 
Taylor constant 
Total Metal 
Removal Costs 
Tool Change 
Costs 
Low  - Rate of Metal Removal -  High 
Figure 3-1  Total Costs vs. Metal Removal Rates 
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The details of further work with this type of 
equation will not be presented here.  However, it 
should be mentioned that this sort of analysis was 
expanded by such researchers as Gilbert (3), Shaw, 
Cook and Smith (4), and others. 
The modern day programmable digital computer 
has been used to greatly reduce the time to perform 
calculations involving these models.  For example, in 
1963, Ham (5) presented a computer program based on 
the Taylor type model.  The IBM Work Measurement 
Aids Programs (6) is a system to determine the 
cutting parameters for an operation given a set of 
conditions.  It uses data bases for material base 
speeds and feeds, machine tools and cutting tools. 
Adjustment factors are then computed to compensate 
for variations in the condition of the cut from the 
base conditions. 
Systems to aid in numerical control part 
programming were also an area for computer application 
following the numerical control (N/C) revolution of 
the 1960's.  These programs are mostly concerned 
with workpiece configuration, tool sizes, machine 
clearances, etc, in order to formulate the details of 
each operation needed to make a part to specifications 
Most of these N/C part programs do not concentrate on 
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economic selection of many cutting parameters which 
affect total cost for operations.  A summary of some 
of today's N/C part programming systems and a 
comparison of these systems with what is currently 
being done at Lehigh University is contained in 
Appendix 1. 
Modern day computers also make possible analytical 
techniques which would be impractical or impossible to 
perform manually.  Linear programming techniques were 
applied to machining calculations by Rabinow (7) in 
1968.  Certainly no one would want to use this technique 
in a hand calculation mode.  In 1967, M. Field, 
M. Zlatin et.al. (8) presented an approach geared 
toward computer analysis using detailed machining 
data along with individual detailed cost equations for 
the major operations such as turning, face milling, 
and milling, drilling, reaming and tapping.  Total 
costs and production rates can be computed using these 
equations for each applicable point of machining data. 
The computer can point directly to the best cutting 
condition (among existing data) because every   aspect 
of the operation in question has been analyzed in 
detai1 . 
E. Zimmers (1) used the above type equations along 
with a systems approach to formulate a working computer 
12 
assisted system for the generation of machining 
parameters in a job shop.  Concerned with the 
economic justification for as well as the details of 
an analysis, the Zimmers system is currently used at 
Lehigh University. 
Finally, it should be noted that all the systems 
mentioned, whether manual or computerized, must have 
data.  These arrangement of these data will be 
henceforth called the system data base.  Creation, 
maintanence and expansion of any computerized system's 
data base is challenging and costly.  This would draw 
one to the conclusion that the success or failure of 
any system can be partially determined by how well 
its data base is set up.  Design considerations must 
include ease of data entry, deletion and modification 
otherwise the system will be difficult to operate. 
13 
Chapter 4 
ANALYSIS 
Zimmers (1) looked at the problem of data collection 
from a machining data costs vs. potential savings 
standpoint.  Although his system has several levels 
of sophistication, each level can be visualized as 
relationships among machining operations, the cost 
of collecting and analyzing machining data and the 
potential savings which can result. 
Figure 4-1 is an aid to the visualization of the 
concept that if the cost of data can be reduced for 
any one level of analysis, that analysis can be 
justifiably used on more operations, and therefore 
more savings will result.  This idea is the basis for 
work on the data base design for a system.  If the 
costs of data can be reduced, its value and 
applicability will increase. 
It is first proposed that an interactive on-line 
type system to lower the total data base cost be 
used.  On line interactive vs. batch costs were 
examined by E. J. Lais (9) to the conclusion that 
on-line can be a costly mistake in many cases.  But, 
"for on-going data entry, file maintanence and 
reporting, batch systems cannot compete with on-line 
methods."  Third generation computers are better 
14 
Extra Savings 
Resulting from 
Lower Cost 
System 2 
+ 80 '90 
io  Machining Operations Analyzed 
95 
Figure 4-1 How Data Collection Costs Affect 
Total Savings 
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suited to meet the on-line challenge where second 
generation machines often failed.  Furthermore, 
Lais believes that failures often result when second 
generation techniques are used in system design. 
These ideas would indicate that the on-line data 
base concept should be explored. 
Another apparent trend is that industry is 
utilizing shared computers.  Time sharing, computing 
networks and teleprocessing have all become more 
highly utilized in the past decade.  Also, many small 
to medium sized job shops do not currently have a 
computer central site available.  Sheehan (10) of 
North American Systems indicates that this trend 
toward sharing computers is permanent.  He projects 
that someday even large companies will eliminate 
their computers, choosing to rely on shared resources, 
Given all this, it is proposed that a system for 
use as a time sharing applications program be 
designed.  This will make it available to many job 
shops that could not previously benefit from a system 
requiring a large scale digital computer. 
Two other techniques which could further reduce 
the cost of data collection and organization can be 
developed.  First, commercial data base software 
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could find applicability in the larger system data 
bases.  Dyba (11) lists the following advantages 
attainable thru the use of data base concepts, all of 
which would be valuable to the system... 
1. Reduction of data redundency. 
2. Provide for data relatabi1ity. 
3. Creation of data independence. 
4. Increased integrity of data 
5. Provide for security of data. 
6. Ease of change in systems. 
7. Application program independence from 
hardware and software. 
A second possibility is to turn over much of the 
time consuming on the floor data collection to mini- 
computers or micro-computers.  Micro-computers are now 
being used for such jobs as machine tool control, 
process monitoring and environmental control, they are 
not suited for"number crunching," high speed disc 
control or real-time, multi-user applications.  Of 
course, machining data collection fits into the process 
monitoring classification above.  Perhaps the future 
might see micro and mini-computers working together 
in shops collecting data through process monitoring 
and quizzing the operator. 
It is interesting to note that new applications 
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open up as a result of the availability of data.  The 
system can be made to touch more areas of the 
manufacturing cycle.  For example, T. Johnson (12) 
describes a method for determining wage incentive 
rates for numerical controlled machines using the 
machine tape as a data source for calculating 
machining time for a part.  With the proposed system, 
the data in the library would be used to generate the 
tape to start with.  It seems obvious to try to 
generate the wage incentive rates at the same time 
using the same data. 
Along these same lines, by introducing a new 
type data base not previously in the system, the part 
family library, more new avenues of application 
become possible.  In many job shops there is a somewhat 
standard product line.  Most of the money spent in 
machining can usually be associated with only a few 
basic shaped parts.  It would be valuable to code the 
metal cutting sequence of operations for these basic 
parts, called part families, and store this sequence 
for each important part family in a data library.  Now, 
a complete estimate of machining time can be obtained 
for any part in the same family simply by modifying 
the operation sequence data for the master part for 
that family.  The specific part sequence data obtained 
18 
can then be used as input to an analysis program to 
do the estimating.  This would be a valuable asset 
to production planning and estimating, interfacing 
actual on the floor machining capabilities with 
previous work done by process planners and current 
economic conditions all on the computer.  Many of the 
previous time consuming channels of information flow 
have been, eliminated in this example, whose 
feasibility is demonstrated in Chapter 6. 
Another potential use of the data base is in the 
simulation of the operation of machining transfer 
lines.  A transfer line description would be similar 
to a part description as in the part family library. 
The feasibility of this simulation idea is demonstrated 
in Chapter 5. 
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Chapter 5 
SYSTEM DESIGN 
The system can be viewed as an on-line data 
library maintenance tool combined with various on-line 
and batch user programs, in particular, the data 
processor program designed and documented by 
E. W. Zimmers (1) referred to as the main analysis 
program.  These components interact as shown in the 
macro system flowchart' shown in Figure 5-1. 
A description of the main processor analysis 
program is contained in E. W. Zimmers dissertation (1) 
and need not be repeated.  However, it is important 
to understand the data setup for the system.  The main 
processor consists of an analysis program which uses 
three data libraries, a level one machining data 
library, a level two machining data library and a 
machine tool description data library.  Because the 
level two and machine tool libraries are not as 
dynamic as the level one library, a specific data 
base maintenance program is required only for the 
level one library.  The level two and machine tool 
libraries can still be modified as will be demonstrated 
later in this section. 
The main analysis program also uses part operation 
sequence data on 80 column punched cards in the batch 
20 
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mode.  It is believed that many new applications 
will be possible if a part operation library can be 
designed for the on-line data base.  These applica- 
tions include the part family concept discussed in 
Chapter 4 and other concepts discussed in Chapter 9. 
A data base maintenance program was written for 
the part family library similar to the program for 
level one data maintenance.  The system flowchart 
for the entire on-line data base, Figure 5-2, shows 
how the system data libraries and maintenance programs 
combine to allow: 
1. Ease of entry of information. 
2. Ease of data maintenance. 
3. Channeling of information to the various 
application programs. 
The data base system flowchart, Figure 5-2, and 
a sub-system flowchart, Figure 5-3 are presented to 
illustrate the data maintenance process for one of the 
data libraries.  (There are four libraries.)  Keeping 
theserfTowoharts in mind , the system operates in the 
following manner.  When the on-line system is entered, 
the level one permanent file is copied to a local 
library FILE automatically.  The three important user- 
callable programs, DCODER, MERGE and NEWPF are also 
made available.  The user can call on these three 
22 
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Figure 5-2 Data Base System Flowchart 
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programs to do the following tasks: 
1. Create new data sets, the level one 
maintenance program DCODER quizzes the 
user in the interactive mode about the new 
data, formats it properly and dumps the 
completed data set to the level one 
temporary output file F5. 
2. Modify existing data sets to be found in the 
level one local copy (F4) of the permanent 
file (Fl-b) or the temporary output file (F5), 
This would involve the level one data 
maintenance program DCODER locating the 
proper data set in the proper file, quizzing 
the user as to how he wishes to change the 
data set and then returning the data set to 
the proper file.  After the modification 
operation is completed, DCODER will dump 
the modified data set to the level one 
temporary output file F5.  Note that the 
actual data has not yet.been changed in the 
permanent file Fl or its local copy F4. 
3. List existing data sets to be found in the 
level one files F4 or F5.  Here, the DCODER 
maintenance program will quiz the user as to 
what data sets he would like to look at, then 
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let him look at some or all of those data 
sets . 
Analyze existing data sets to be found in 
the level one local copy (F4) of permanent 
file (Fl-b) or the level one temporary 
output file (F5).  Here, DCODER will find 
the proper data set as directed and do a 
crude analysis for such things as data set 
completeness and validity.  More will be 
said about this in Appendix II. 
Merge existing data on the level one 
temporary output file F5 with data on the 
local copy F4 of the level one permanent 
file Fl-b.  Here, the user tells DCODER to 
call the MERGE program P3 and merge file F5 
and F4.  Data sets on file F5 take precedence 
the actual modified data on file F5 will 
replace similar data on file F-4. 
New Perm File Mode - the user has the option 
of copying the local version (F4) of the 
permanent file Fl-b into the permanent file 
Fl-b for permanent storage.  In this way, 
the level one data modifications, additions 
or deletions as directed by the user in any 
one run can be made permanent.  A security 
26 
password feature is installed in the NEWPF 
(P4) system so that unauthorized users may 
not make changes to the system permanent 
files. 
The part family maintenance program PCODER (P2) 
and associated files Fl-d, F8 and F9 work exactly the 
same as the level one file maintenance program DCODER 
and associated files Fl-b, F4 and F5.  Capabilities 
exist to create, modify, list, analyze and merge data 
sets as well as make them permanent with the NEWPF 
feature (P4). 
Although no specific maintenance programs such as 
PCODER or DCODER were written, the user still has the 
capability to modify the level two and machine data 
files F6 and F2. 
For instance, should the user want to make a 
change to the level two data library Fl-c, the user 
can punch up a deck containing the modified data set 
and put it on a temporary file.  He can then use the 
MERGE and NEWPF programs P3 and P4 to make the 
change a permanent part of the Fl-c file. 
Or, the user can modify existing data in the file 
thru the use of one of the computer system's software 
text editors.  The system EDITOR (13) is attached 
automatically for the user.  Although EDITOR is not 
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specific to the level 2 or machine tool data files, 
it can still make changes to the data in these files. 
However, being an assembly language program, it is 
very  efficient to run on our system.  The use of 
EDITOR to maintain a system data library will be 
demonstrated later in this section. 
As can be seen in Figure 5-2, the maintenance 
system for any one file of the data base is similar 
to the system for any other file.  Therefore it will 
only be necessary to document the use of one file's 
system, the- level one material machinabi1ity file. 
On the Lehigh University computing system, every 
interactive session begins when the user establishes 
permission to use the computer resources, this is 
called the LOGIN procedure, see Figure 5-4.  After 
establishing the identity and validity of the user, 
the computer puts the session in the COMMAND mode.  To 
use the data base maintenance system as described, the 
user must bring the system to his terminal (ATTACH - 
FIG 5-4) and execute a system initialization program 
(SYSTEM - FIG 5-4).  The start up program then asks 
for a security password for permission to modify the 
permanent data base (See Fig. 5-4).  Before the start 
up program finishes and returns the user to the 
COMMAND mode, it sets up the local copy of the level 
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LEHIGH   UNIVERSITY   INTERCOM   4.1 
DATE   02/25/75 
TIME   13*35 
L0GIN 
ENTER USER NAME-J0HN ■■■■■■■■■■ ENTER PASSW0RD- 
02/25/75   LOGGED IN AT  13.35.56. 
WITH USER-ID ES 
EOUIP/P0RT 35/12 
L0GIN      CREATED 01/30/75  T0DAY IS 02/25/75 
PLEASE READ CCNEWS PERIODICALLY 
PROBLEM H0T-LINE IS 691-7000* EXT. 616 
C0MMAND-ATTACH#SYSTEM#ID*IE. 
PFN IS 
SYSTEM 
PF CYCLE NO. = 001 
COMMAND-SYSTEM. 
ENTER PASSWORD FOR PERMISSION TO MODIFY DATA FILES 
OR ENTER A BLANK FOR NORMAL OPERATION-OK 
PERMISSION GRANTED 
END STARTUP 
PF CYCLE NO. » 001 
C OMMAND- 
Figure 5-4  Login and System Setup Procedures 
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one library, F4 , from the permanent file Fl-b in 
Fig. 5-3.  It also sets up more programs for use in 
the COMMAND mode, in particular, DCODER, the level 
one data file maintenance program.  Other programs 
made available include PCODER, the part family data 
file maintenance program, EDITOR, the system text 
editor, MERGE, the program to merge temporary data 
libraries with permanent libraries and NEWPF, the 
NEW PERMANENT FILE program to make permanent changes 
to the library files Fl a-d.  The user may now call 
any of these programs while in the COMMAND mode. 
As an example, suppose a user wished to make a 
change to the cutting speed capability of one particular 
cut in the level one data library.  He would call on 
the DCODER program, tell it to MODIFY data, tell it 
which data to modify and what to change in the data, 
SAVE the data, MERGE the data, and then END.  (Fig. 5-5) 
Then when back in the COMMAND mode, he would enter 
NEWPF to make the changes permanent (Fig. 5-5). 
Or the user might wish to enter new data into the 
library.  As an example, maybe only two cuts on 
1020-CRS steel need to be entered.  The user enters 
DCODER from the COMMAND mode to begin execution of the 
level one library maintenance program.  The DCODER 
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mode CREATE ,is entered and the user proceeds to set 
up the proper format, code in the two cuts, SAVE the 
data, MERGE the data with the permanent file, END 
DCODER, and then use NEWPF to make the actual 
permanent file change (see Fig. 5-6 for this process). 
The DCODER program itself is written with the 
needs of the user in mind.  For instance, should the 
user be unfamiliar with what is transpiring at any one 
point of program operation he can enter the work 
HELP (fig. 5-7).  The DCODER program will respond with 
a brief explanation of what is happening or what the 
user should do.  Also, the experienced user can speed 
up the process by entering more than one bit of 
information at a time, separating these pieces of in- 
formation by the character";1' (Fig. 5-7).  The idea 
of the DCODER program is to do the basic analysis work 
and then to do the data formatting as shown in 
Figure 5-8, this format being compatible with the 
main analysis program.  Individual DCODER and PCODER 
routines are documented and a program flowchart is 
contained in Appendix 2. 
The DCODER program is callable from the COMMAND 
mode.  At the start of execution, the user is asked 
to enter a program operation mode, either CREATE, SAVE, 
MODIFY, LIST, MERGE, or END.  Basically, the CREATE 
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C0MMAND-DC0DER 
MATERIAL LIBRARY UTILITY PR0GRAM 
ENTER M0DE-M0DIFY 
ENTER MATERIAL NAME F0R FILE SEARCH-4340B 
ENTER THREE CHAR. DATA SET C0DE-AA 
4340B    AA  ** 
IF Y0U D0NT WANT T0 CHANGE IT* 
ENTER A BLANK 
ENTER MATERIAL NAME- 
ENTER DESCRIPTION (30 CHAR* INCLUDE Y0UR NAME)- 
ECKENR0DE DEMO 
D0 Y0U WANT T0 CHANGE 0PC0DES-N0 
NUMBER 0F CUTS-  4 
M0DIFY WHICH CUT-2 
M0DIFY WHICH PARAMETER-1 
SURFACE SPEED-390. 
M0DIFY WHICH CUT-99 
ENTER M0DE-SAVE 
D0NE 
ENTER M0DE-MERGE 
MERGE DATA SETCS) 0N L0CAL FILE WITH L0CAL C0PY 0F PERM FILE 
-N0T A PERM FILE CHANGE- 
END    MERGER 
ENTER M0DE-END 
END DC0DER 
C0MMAND-NEWPF 
PERMANENT FILE UPDATE PR0GRAM 
N0TE- WILL N0T W0RK UNLESS PERMISSION GRANTED 
UPDATE MACHINE FILE (YES 0R N0)-N0 
UPDATE LEVEL 1 FILE (YES 0R N0)-YES 
UPDATE LEVEL 2 FILE (YES 0R M>-N9 
UPDATE PART FAMILY FILE (YES 0R N0>-N0 
END NEWPF 
INITIAL CATAL0G 
PF CYCLE N0. m  001 
Figure 5-5  Data Modification Procedure 
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COMMAND-DC0DER 
MATERIAL   LIBRARY   UTILITY  PROGRAM 
ENTER  MODE-CREATE 
ENTER   MATERIAL   NAME-TEST 
ENTER   3   CHAR   DATA   SET   C0DE-ZZZ 
ENTER   DESCRIPTION   (30  CHAR*   INCLUDE  YOUR  NAME)* 
.ECKENR0DE     DEM0      FEB   75 
CUT   NUMBER      1 
D0NT   FORGET*   IF  FIELD   IS  SAME  F0R  ALL  CUTS*   ENTER   *  ANYWHERE 
SPINDLE   SPEED*100. 
FEED-.020 
T00L   LIFE-30. 
DIAM-20. 
C0MMENT-N0NE 
ENTER M0DE-SAVE 
DONE 
ENTER M0DE-MER6E 
MERGE DATA SET(S) 0N LOCAL FILE WITH LOCAL COPY OF PERM FILE 
-NOT A PERM FILE CHANGE- 
END    MERGER 
ENTER MODE-END 
END DC0DER 
COMMAND-NEWPF 
PERMANENT FILE UPDATE PROGRAM 
NOTE- WILL N0T WORK UNLESS PERMISSION GRANTED 
UPDATE MACHINE FILE (YES OR NO)-N0 
UPDATE LEVEL 1 FILE (YES OR NO)-YES 
UPDATE LEVEL 2 FILE (YES OR N0)-N0 
UPDATE PART FAMILY FILE (YES OR NO)- NO 
END NEWPF 
INITIAL CATALOG 
Figure 5-6  Data Creation Procedure 
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0PERATI0N NUMBER  1 
ENTER M0DE 0F BIG SYSTEM 0PERATI0N 
T0 ST0P, ENTER ST0P-N0RMAL 
ENTER MACHINE C0DE-W/S 12 
ENTER 0PC0DE-HELP 
0PC0DE 0PERATI0N 
1 1     TURN 
12     FACE 
1 5     B0RE 
1 6     TRACE TURN 
2 1     DRILL 
2 4     REAM 
25     MULTI SPINDLE DRILL 
2 6     GUN DRILL 
2 7     GUN B0RE 
32 FACE MILL 
33 SIDE MILL 
3 4     END MILL 
3 5     PR0 MILL 
IN INTEGER F0RMAT, N0 DECIMAL P0INT 
ENTER 0PC0DE-1I 
ENTER PART ID-HELP 
2 0 CHAR MAX 
N0 BLANKS REM0VED 
ENTER PART ID-TEST PART»A10»FEB 75#TEST DEM0 0P 
ENTER 0PERATI0N NUMBER- 
A10 
ENTER   DATE- 
FEB   75 
ENTER   0PERATI0N  NAME- 
TEST   DEM0   0P 
MEANINGFUL  DIAMETER-10* 
Figure 5-7    User Help from System;    Speeding Up Input 
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mode is used to enter new data into the system.  The 
SAVE mode dumps the current data to a temporary disc 
file (F5 in Fig. 5-3).  The MODIFY mode can be used to 
change existing data residing in either the level one 
permanent file F4 or the level one temporary file F5. 
The LIST mode will allow the user to examine any of 
the data sets in either file above.  The MERGE mode is 
used to call on the MERGE program, documented later, 
which merges the contents of the level one temporary 
file with the level one permanent file.  The ANALYZE 
mode can check data in the program for validity and 
completeness.  The END mode is used to stop execution 
of the program. 
Other specific programs in the data base maintenance 
system include the STARTUP SYSTEM.  This very  small 
program sets up the user's interactive session by doing 
all the initial file manipulation and establishing all 
the other user callable programs.  It also checks with 
the user to establish permission to permanently modify 
the data base.  Figure 5-4 shows how the STARTUP SYSTEM 
is used. 
Program EDITOR, a software text editor, is like 
most other test editors in its ability to maintain 
complex data files.  Using EDITOR and MERGE, a level 
two data set can be created and merged with the local 
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copy of the permanent file.  The change can then be 
made permanent using NEWPF as shown in Fig. 5-9.  The 
actual EDITOR program documentation is contained in the 
Control Data 6000 Computer Systems Intercom Reference 
Manual (13). 
Program MERGE is callable either from programs 
PCODER and DCODER or from the intercom COMMAND mode. 
This simple file manipulation program acts to copy 
only those data sets from the master file not 
previously copied on the merge file.  For instance, 
suppose a modified level one data set resides on the 
temporary output file F5 (See Fig. 5-3) when the MERGE 
program is called.  The entire file F5 will be copied to 
a scratch file.  Then the program will copy file F4 
to that scratch file, skipping over those data sets 
encountered previously on file F5.  Now the scratch 
file can be copied back to file F4 using standard file 
maintenance control commands, file F4 will be 
completely updated. 
When executed from the PCODER or DCODER routines, 
the file manipulation above is handled automatically but 
when executed from the COMMAND mode, the user must 
supply MERGE with the file names of the master file and 
temporary results file.  He then must copy the scratch 
file back to the master file using Scope (16) control 
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C0MMAND-EDIT0R 
. .F#T=l » 1 1 , 1 6,36* 51 ,61,71, 76,CH<=90 
. .F,SH0W 
CH= 90 TAB CHAR** TAB COL*  11  16  36  51  61 
71  76 
. .CREATE 
100-L2 MATlllll2:Ll MATl1.011.2s0.95t**XXX 
110*L2 MAT 2slltl2lLl MAT 211.011.2I1.21*XXY 
120** 
..SAVE#FILEE 
• •BYE 
L2 MAT 11 12 LI MAT 1.0 1.2 0 
95 **XXX 000100 
L2 MAT 2 11 12 LI MAT 2 1.0 1.2 1 
2  *XXY 000110 
C0MMAND-MERGE*LEV2P,FILE. 
END MERGER 
C0MMAND-NEWPF 
PERMANENT   FILE  UPDATE PR0GRAM 
N0TE-   WILL   N0T   W0RK   UNLESS   PERMISSION   GRANTED 
UPDATE   MACHINE   FILE   (YES   0R   N0>-N0 
UPDATE   LEVEL   1   FILE   (YES   0R   N0>-N0 
UPDATE   LEVEL  2   FILE   (YES   0R   N03-YES 
UPDATE  PART  FAMILY   FILE   (YES  0R   N0)-N0 
END  NEWPF 
INITIAL CATALOG 
PF CYCLE N0. * 001 
C0MMAND- 
Pigure 5-9  Level Two Data Creation Using Editor 
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commands.  As an example, the user might wish to use 
MERGE to get a group of coded machine tool cards into 
the permanent machine library file Fl-a.  Figure 5-10 
illustrates this process. 
System NEWPF is a small FORTRAN program callable 
from the COMMAND mode.  It has the power to actually 
change the contents of the permanent data base file 
F-l.  The user is quizzed as to which individual 
sections of the data base should be revised, the 
MACHINE file Fl-a, the LEVEL ONE file Fl-b, the LEVEL 
TWO file Fl-c and/or the PART FAMILY file Fl-d. 
Examples of this process are shown in figures 5-5, 
6, 9 and 10. 
Of course, no data base has any value unless it is 
used.  There are two basic ways to use the data base, 
on-line applications and batch type applications (See 
Fig. 5-1).  On-line methods involve work at a remote 
I/O device, usually a CRT (videoscreen) or teletype 
connected to the computer main frame via telephone lines 
and other interface equipment.  Batch type applications 
involve the user assembling a deck of 80 column cards 
consisting of three basic sections: 
1. Cards to dictate the control stream and use of 
the data base. 
2. Cards for any computer source programs the 
user might wish to input into the batch job 
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1 403 20.           42   IN  BULLARD   VTL        25  HP 
2 1403 5.4           6.7           8.3           11.6        12*9         15.9 
41 .3 
2   2403 51*2         63.4        92.6 
311403 Oil    018    033    068    083    131 
9  403 
1 408 24.    36 IN BULLARD VTL   30 HP 
2 1408 12.0   15.0   18.5   28.0   30.    37.0 
90.0 
2   2408 117.0      144.0     202.0 
311408 002           003           006          Oil           012           015 
033 
312408 043          068           083           089           131           245 
9     408 
Figure 5-1.0a    Copy of Input Data from Batch System 
COMMAND-ATTACH*FILES*MACHINES*ID«IE. 
PF CYCLE N0. « 001 
COMMAND-MERGE*MACHP*FILES. 
END    MERGER 
COMMAND-NEWPF 
PERMANENT FILE UPDATE PROGRAM 
NOTE- WILL NOT W0RK UNLESS PERMISSION GRANTED 
UPDATE MACHINE FILE CYES 0R N0)-YES 
UPDATE LEVEL 1 FILE CYES OR NO)-NO 
UPDATE LEVEL 2 FILE (YES OR N0>-NO 
UPDATE PART FAMILY FILE (YES OR N0)-N0 
END NEWPF 
INITIAL CATALOG 
PF  CYCLE  N0.   ■   001 
COMMAND-LOGOUT 
CP   TIME 4.106 
PP   TIME 12.734 
CH   TIME 3.443 
CONNECT   TIME 0   HRS.      6   MIN. 
SYSTEM  SECONDS   USED  =2.3 
EXECUTION  COST   IS   S   1.09 
CONNECT   CHARGES  ARE   $   .15 
CURRENT   AUTHORIZATION  BALANCE   IS   S      1186.46 
02/26/75     LOGGED  OUT  AT   11.01.35. 
Figure 5-1Ob    Using Data From Batch Inputs 
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3.  Cards for inputs to his programs to dictate 
its operation and serve as data for analysis. 
These cards are then used as input to a card 
reader at the central computer site or at a remote 
batch terminal.  It is important to note that remote 
batch terminals are many times more expensive to set 
up and operate than a Teletype or CRT.  For this 
reason, they are often not available to manufacturing 
engineering departments. 
The main processor is an example of a batch type 
use of the data base.  It is currently used in conjunction 
with all the data base parts, the machine tool, level 
one, level two and part family files.  The user dictates 
his own control stream, inserts his add on programs 
(if any) and his data input to the program.  Examples 
of the main processor's use are contained in Chapter 6. 
Other proposals for both batch and on-line applications 
of the data base are discussed in Chapter 9.  In 
addition, the use of the data base to simulate the 
operation of transfer lines is discussed in Chapter 6 
and Appendix 3. 
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Chapter 6 
EXAMPLES, CASE STUDY 
The machining data base system and associated 
analysis programs were used in conjunction with work 
done at a medium-sized job shop near Lehigh University. 
The main function of the data base system was to aid in 
the collection of machining and part sequence data. 
These data were later to be used in the main processor 
and associated systems. 
The overall goal of the work at the plant was to 
efficiently reduce processing times and the large 
vertical boring mill (VBM) department of the plant was 
found to be a good potential area.  Step one of the work 
involved data collection and analysis to adequately 
document the old methods of production in the department. 
Data was collected and entered into the on-line system 
to adequately document the old production methods for 
several example parts.  This data entry consisted of 
part operation sequence coding using PCODER as well as 
level one data entry using DCODER.  Both these programs 
and the on-line data base were used as described in the 
System Design section, Chapter 5. 
A detailed analysis using the main processor program 
showed that the main cost for the machining operations 
was direct overhead.  Tooling costs showed up as relatively 
insignificant values in all cases, see Figure 6-1.  This 
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would indicate that any increase in metal removal rates 
would have a beneficial effect on costs and production 
rates for these parts. 
Figure 6-2 shows a summary output sheet from the 
main processor program.  Along with program operation 
information, this summary output lists total machining 
times per 100 parts for each machining operation and 
some handling times for other operations.  Note that, 
since we were not dealing with handling times for 
machining operations, they were zeroed out. 
In conjunction with this main processor detailed 
analysis step, work on generalized machining 
recommendation tables for the VBM department was 
begun.  Data for the tables was obtained from commercial 
reference sources and upgraded with actual on the 
floor capabilities and data in the on-line system. 
Each table recommends a specific speed, feed, and 
depth of cut for various type cuts on diameter ranges. 
These machining parameter recommendations are made for 
specific machine tools, a table was made for each 
machine in the VBM department.  In addition, 
horsepower is taken into consideration.  Should the 
recommended cutting parameters exceed available 
machine horsepower for any given cut, those parameters 
are adjusted to lower that required power.  An example 
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Figure 6-2    System Summary Output 
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of one of these generalized machining tables is shown 
in Figure 6-3. 
Using these tables along with an optimization 
process in experimental work on the shop floor yielded 
data that would represent the new shop floor 
capabilities.  These new data were also collected and 
entered into the system data base libraries using 
PCODER-and DCODER.  An analysis for the new data 
showed an average improvement in machining time over 
several parts of 30 percent. 
Now, using the following data, 13 machines, 2 
shifts/day, 250 days/year, and $20/hr. overhead rate 
yields a total cost of $520,000/year for the VBM cost 
center.  If conservative figures of 50% machine 
utilization rate and 50% of utilized time taken up 
by part handling (and other operations not analized) 
are used, the total machining overhead per year works 
out to $130,000.  A 30% savings on this figure is 
almost $40,000.  This is not bad at all considering 
the amount of work put into the analysis.  This work 
was also applied to the small vertical boring mill 
cost center and the horizontal engine and turret 
lathe cost centers.  The cost savings in these 
departments is expected to be significant. 
Another possible on-line system benefit using the 
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Figure 6-3    Generalized Table Example 
47 
parts family file was demonstrated to the plant 
industrial engineer.  Almost all of the plants work 
represents orders from a catalog of specific styled 
items.  In looking through this catalog and the 
shop floor, it became obvious that by coding a few 
basic part families to keep on the part family library, 
many of. the parts processed in the plant could be 
dealt with using a level one type analysis.  This 
analysis, a function of the main processor program, is 
the most valuable and sophisticated problem approach 
currently ayailabTe in the Lehigh machining analysis 
system. 
As an example of this concept, one fairly common 
shaped part called a long weld neck was coded and 
inserted into the parts family file.  Now, to make a 
neck with slightly different dimensions all that is 
required is access the part family master and make 
the necessary changes using program PCODER. 
For instance, the neck coded as the part family 
master had a 20 inch length.  In the case where a batch 
of 25 inch long weld necks are required, PCODER can be 
used to access the part master and change the 
dimensions that are different.  This process is shown 
in Figure 6-4, changing neck length for operations 
13 and 14 from 16 to 21 inches and operation 17 from 
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C0MMAND-PC0DER 
PART FILE MAINTANENCE PR0GRAM 
ENTER PR0GRAM 0PERATI0N M0DE-M0DIFY 
ENTER PART NAME F0R FILE SEARCH-559H 
ENTER THREE CHAR. PART SET C0DE-AAD 
PART N0T F0UND IN L0CAL FILE* WILL SEARCH PERM FILE 
559H       AAD  ** 
PART CARD READ 559H      SA105     .82 
24IN X 1500 X 20IN LWN        JAN 20  75 19 **AAD 
DATA READ SUCCESSFULLY FR0M FILE 
M0DIFY WHICH 0PERATI0N-13 
M0DIFY WHICH PARAMETER-HELP 
NUM PARAM 
1 M0DE 
2 MACH C0DE 
3 0PC0DE 
4 MATERIAL 
5 HP/CU IN/MIN 
6 PART ID 
7 0PER NUM 
8 DATE 
9 0P NAME 
10 DIAM 
11 LENGTH 
12 DEPTH 
13 FINISH 
1 4 T0LERANCE 
15 GE0METRY 
16 FEED C0NSTR 
17 WIDTH 
18 PARAM LIST 
IN INTEGER F0RMAT* N0 DECIMAL P0INT 
M0DIFY WHICH PARAMETER-11 
LENGTH-21. 
M 0DIF Y WHIC H 0PERAT10N-14 
M0DIFY WHICH PARAMETER-11 
LENGTH-21.0 
M0DIFY WHICH 0PERATI0N-17 
M0DIFY WHICH PARAMETER-11 
LENGTH-20.75 
M0DIFY WHICH 0PERATI0N-99 
ENTER PR0GRAM 0PERATI0N M0DE-SAVE 
D0NE 
ENTER PR0GRAM 0PERATI0N M0DE-END 
END PC0DER 
C 0MMAND- 
Figure 6-4 Operations on a Master Part in Part Family File 
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15.75 to 20.75 inches.  Now it will be easy to get a 
detailed specific analysis for this new part using 
the main processor program. 
As an example of the potential value of the 
system, the computer can even output machining 
recommendations for the new part directly to the 
shop floor.  The machinists at the plant currently 
do their work from part prints and corresponding mill 
order sheets.  The mill order sheet (Figure 6-5) is 
prepared by the process planning department.  This 
format for the mill order closely resembles the main 
processor's summary output page, Figure 6-6.  Through 
slight reprogramming of one routine in the main 
processor, the summary output page can be re-formatted 
to even more closely correspond to the mill order 
sheet.  The results of this effort are shown in Figure 
6-6. 
Now, should an order come in for a new batch of 
long weld necks, all the process planner need do is 
go to the neck part family master (in File F8, 
Figure 5-2).  He can direct the necessary changes to 
its dimensions using program PCODER and then direct 
a new analysis for the revised part using the main 
processor appl i cat ions vi prog ram. 
As mentioned in the system design section, 
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Figure 6-5  Sample Mill Order Sheet 
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PRODUCT   DESCPTPTION- 
2MN   X   1500   X   20IN   LWN 
HILL   ORDER   NO.- 
559H 
MACHINF   CLASS- MATERIAL- 
SA105 
DRAWING NO.- 
OPERATORS NAMF- SUOERVISORS NAME- 
OPERATION DESCRIPTION 
SHAPE . 
OF     NUM. 
TOOL   CUTS  FEED SPEED 
SCHED.  ACT. 
TIME   TIME 
ADO   MACHTNE   CARDS 
I* OP=:»l   LOAD   TRUE   FL G   END   UP 
i»8 FACE   TO   CLEAN   METAL   (SO 
l»C TURN   FLG   OD   TO   i»6Ih'   (SO 
<»C2 TU°N   FLG   OD   TO   <*6I N 
ifD MACH   TEST   BORE    (SO 
<*02 MACH   TEST   BORE 
<*E MACH   1/t*   IN   RF 
kF SERRATE   °F 
kG OE'lUR-INSPECT-UNLOAD 
5A LOAD   FOP   OPER   2  FLG   cNT   DN 
5B FACF   TO   ?0IN    (SCI 
582 FACE   TO   ?CIN 
5C 80'E   TO   '0   15/16   ( SO 
5C2 BORE   TO   20    15/16 
50 BACK   FACr   T   TO   8   1/8   (SO 
5D2 BACK   FAC="   T   TO   8   1/8 
5E TU"N   BAR°EL   OD   TO   30IN 
5F FO=M   ?/U   IN   =>AD 
5G PEW-IN^PECT-UNLOAD 
NO'MAL   F«D   OF    DUN 
50.00 
so 2. .0313 25. 68.60 
SQ 2. .0310 25. 1*1.1*0 
so 2. .0310 '25. 1*1.1*2 
so 2. .0310 51. 1.96 
SQ 2. .0310 51. 1.89 
SQ 1. .0710 25. 23.20 
16.67 
1*1.67 
50.00 
SO 2. . 0310 30. 23.51 
SQ 1. . 0310 i*2. 8.93 
SQ 2. .0310 51. 37.03 
SQ 2. .0311) 51. 37.06 
SO 2. .0310 25. 30.10 
S 0 2. .0313 25. 30.13 
so 2. .0310 U2. 
TOTAL... 
i*3. 26 
<»1.67 
5n.ro 
633. <*0 
Figure 6-6 Computer Generated Mill Order Sheet 
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chapter 5, many more advanced uses of the data base 
are possible.  For instance, transfer lines with 
metal cutting operations present a complex problem 
to the manufacturing engineer.  Labor and handling 
time for many products is a large part of their 
production costs.  A manufacturer can attempt to use 
modern transfer line techniques to increase production 
rates and lower per unit costs.  The high fixed cost 
to set up the line must be offset by this lower cost 
in order to justify the line.  This high initial cost 
combined with transfer line inflexibility means that 
the manufacturing engineer must carefully consider 
many factors before going ahead with a plan.  Manual 
calculation of sequence, line balance, production 
rates, machine utilization, in process inventories, 
etc. are complicated and time consuming.  A computer 
simulation device which would use actual data from 
the shop floor (in the data base) could make accurate 
predictions for the above given a line setup.  In this 
way, the manufacturing engineer could experiment with 
various conceivable line setups to find the one which 
suits the situation best. 
A complete research proposal for this simulation 
technique is contained in Appendix 3.  The basic 
proposed system framework for the simulation problem 
53 
is shown in Figure 6-7.  In order to demonstrate the 
feasibility of this system, the main processor 
program as previously described and with a few 
modifications can be used as the pre-processor in 
Figure 6-6.  The simulation program itself uses 
standard GASP simulation routines as well as routines 
written specifically for this application.  GASP (14) 
is a system comprised of FORTRAN functions and routines 
to aid in the solution of discrete events simulation 
problems. 
Consider a sample transfer line problem composed 
of several machining operations to be done in line 
on a bank of machines.  The data input to the 
simulator (the same as the data output from the 
pre-processor and data base analysis system) is shown 
in Figure 6-8.  These data are the result of operations 
and analysis performed on specific contents of the 
data base.  Machinabi1ity data is used to calculate 
machining times and tool lines.  Part sequence 
operation data is used to set up the basic operation 
sequence.  Handling times and traverse times are also 
set from the data base but the system user can adjust 
these if need be. 
The output from the simulation of this problem 
might be set up as shown in Figure 6-9.  This output 
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Figure 6-7  System Flowchart for Transfer Line Simulation 
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PART   NUMBER- 
WORKPIECE   MATL- 
PART   NANE- 
OATE- 
NUMBER  PARTS   SIMULATED- 
OPERATION   NUMBER- 
TRAVERSE   TIME   TO   OP,   MIN- 
HANOLING  TIME,   HIN/PIECE- 
MACHINING   TIME*   MIN/PIECE- 
TOOL   LIFE,   MIN- 
TOOL   CHANGE TIME,   MIN- 
OPERATION   NUMBER- 
TRAVERSE  TIME   TO   OP,   MIN- 
HANOLING   TIME,   MIN/PIECE- 
NACHINING   TIME,    MIN/PIECE- 
TOOL   LIFE,   MlN- 
TOOL   CHANGE   TIME,   MIN- 
OPERATION   NUMBER- 
TRAVERSE   TIME   TO   OP,   MIN- 
HANDLING   TIMF,   MIN/PIECE- 
MACHINING   TIMf,    MIN/PIECE- 
TOOL   LIFE,   MIN- 
TOOL   CHANGE  TIME,   MIN- 
OPERATION   NUMRER- 
TRAVERSE   TIME   TO   OP,   Ml N- 
HANOLING   TIME,   MIN/PIECE- 
MACHINING   TIM<^,   MIN/PIECE- 
TOOL   LIFE,   MIN- 
TOOL   CHANGE   TIME,    MIN- 
OPERATION   NUMBER- 
TRAVERSE  TIME   TO   OP,   KIN- 
HANDLING   TIME,   MIN/PIECE- 
MACHINING   TIME,    MIN/PIECt- 
TOOL   LIFE,   MIN- 
TOOL   CHANGE   TIME,   MIN- 
OPERATION   NUMBER- 
TRAVERSE   TIME   TO   OP,   MIN- 
HANDLING  TIME,   MIN/PIECE- 
MACHINING   TIME,   MIN/PIE-CE- 
TOOL   LIFE,   MIN- 
TOOL   CHANGE   TIME,   MIN- 
OPERATION   NUMOER- 
TRAVERSE   TIME   TO  OP,   MI N- 
HANDLING   TIME,   MIN/PIECE- 
MACHINING   TIME,    MlN/PIECE- 
TOOL   LIFE,   MIN- 
TOOL    CHANGE   TIME,    MIN- 
OPERATION   NUMBER- 
TRAVERSE   TIME   TO   OP,   MIS- 
HANDLING   TIME,   MIN/PIECE- 
MACHINING   TIME,    MIN/PIECE- 
TOOL   LIFE,   MIN- 
TOOL   CHANGE   TIME,    MIN- 
OPERATION   NUMBER- 
TRAVERSE   TIME   TO   OP,   MIN- 
HANDLING   TIME,   MIN/PIECE- 
MACHINING   TIME,   MTN/PIECE- 
TOOL   LIFE,   MTM- 
TOOL   CHANGE   TTME,    MIN- 
557F 
SA350LF2 
16   IN  NO.    1500   NOZZLE 
JAN   10     75 
100 
2.00000 
2.30000 
.00000 
.00000 
.00000 
A10 
A20A 
A20B 
A20C 
A30 
AUO 
A50 
A60 
2.00000 
2.30000 
5.515<*3 
39.00000 
<♦.00000 
3.00000 
2.30000 
8.06770 
h5. 00000 
<♦.00000 
2.00000 
2.30000 
«f.15229 
<»0. 00000 
3.00000 
2.00000 
2.30000 
17.36<f50 
60.00000 
l*.00000 
1.50000 
2.30000 
3.58391 
20.00000 
1.00000 
2.00000 
1.50000 
1.98189 
15.00000 
<*.00C00 
2.0O0U0 
2.30000 
9.581U1 
70.00000 
5.00000 
2.00000 
.00000 
2.00000 
25.00000 
3.00000 
Figure 6-8 Data Input to Simulation System 
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SIMULATION RUN FOR PART NUMBER- 557F 
WORKPIECE MATERIAL- SA350LF2 
PART NAME- 16 TN NO. 15 00 NOZZLE 
DATE- JAN 10  75 
TOTAL   NUM9ER   OF   PARTS  TO   BE   SIMULATE9- 10C 
TRAVERSE HANDLING RUN TOOL T.C. 
ST A O^ERATI^N TIME  TO TIME TIME LIFE TIME 
NO. NUMBER (MTN) (MIN) (MINI (MIN) (HIN) 
1 A 2.00 2.3G .CO .00 .00 
2 A10 2.00 2.30 5.52 39.00 (f. 00 
3 A20A 3.00 2.30 6.07 45.00 4.00 
4 A209 2.00 2.30 ■♦.15 40.00 3.00 
5 A20C 2.SO 2.30 17.36 60.00 If.00 
6 A JO 1.50 2.30 3,58 20.00 1.00 
7 A40 2.0C 1.50 1.98 15.00 4.0 0 
» A50 2.00 2.30 9. 8 8 70 .00 5.00 
9 A60 2.0G .00 2.C0 25.0 0 3. 00. 
SUMMARY   OF   SIMULATION   RUN 
TOTAL   TIME    (MTN»- 2279.56      (HOS)' 37. 99 
AVERAGE AVERAGF AVFRAG"7 NUM3ER AVERAGE MAXIMUM AVERAGE 
STA T°AV.   TIMF HA NOLI KG RUM OF   TOOL TOOL   CHAN QUEUE QUEUE 
NO. (MIN) TIME   (MINI TIME   (MIN) CHANGES TIME   (MIN) SIZE SIZE 
1 .00 2.3 7 .30 .00 .00 9S.CC 5.10 
2 1.76 2.60 5.3« 11.00 4.01 70.00 12.38 
3 3.13 1.92 7.98 14.00 2.84 17.00 3.85 
<♦ 1.87 2.23 3.92 9.00 2.6= 4.0C .42 
5 1.85 2.44 17. 9f> 21.OQ 4.34 55.00 26.29 
6 1.71. 2.29 3.60 lb.00 1.23 2.00 .80 
7 2.or 1.56 1.99 11.00 2.64 3.00 .85 
8 2.12 2.42 9.80 12.OU 3.16 3.00 .97 
9 2. If .0 C l.«t 6.CO 2.19 l.uC .44 
Figure 6-9 Sample Simulation System Results 
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was generated by a small set of routines (described 
in Table 6-1) used to schedule discrete time events 
and collect statistics.  These routines are further 
supported by GASP provided routines.  The use of this 
simulation program and the pre-processing program 
demonstrates the technical feasibility of using a metal 
cutting related data base to support this type of 
engineering analysis application. 
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Chapter 7 
CONCLUSIONS 
The computer can be used as an aid in the 
formalization of metal cutting related data.  This 
will compliment the work done by plant personnel by 
expanding man's ability to store and recall engineering 
data.  He can now face the more important challenge of 
using the data rather than organizing it. 
The thesis systems demonstrate the capability to 
store all important metal cutting related variables. 
The systems are generalized, capab.le of fitting most 
any plant's requirements to completely document their 
metal cutting data. 
Data can be easily set up to accommodate different 
levels of analysis sophistication.  Furthermore, any 
user applications needing this data can conveniently 
be interfaced with the data base.  Applications such  / 
/ 
as detailed cost analysis programs, transfer line   / 
simulation programs and a shop work order generating 
/ 
program were demonstrated.  They utilize data from the 
/ / 
data base of different types, a machine tool description 
/ 
file, two metal machinabi1ity files, and a part 
operations sequence description file. 
The economic benefits of any new computer system 
are difficult to measure.  Chapter 6 demonstrates the 
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system's savings potential at a job shop in the area. 
An important factor to realize is when more 
applications are designed to use the data, its value 
and the corresponding value of the data base systems 
increase. 
Finally, the entire systems problem of formalizing 
maintaining and using metal cutting related information 
has been demonstrated in the on-line mode on a 
commercially available digital computer.  The system 
is valuable because it is designed to fit many 
different plants.  Also, individual plants no longer 
need have access to a large scale digital computer. 
These programs are suited to be used as time sharing) 
applications programs.  Now, a shop need only have 
access to a remote input-output device to use the 
system.  And, because of its general nature, the 
system can be used in small and large job shops, in 
research labs and even in mass production applications. 
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Chapter 8 
SUMMARY 
The goal of this thesis was to show how an 
on-line computer data base system could be used to 
aid in the maintenance and use of metal cutting data. 
The data base was in part dependent upon a machining 
data analysis system designed by Zimmers (1).  But, 
it was also expanded for generalization and 
application to similar systems. 
The word maintenance when used in reference to 
data base systems means many things.  The first 
necessity was to formalize the data format for all the 
files to fit a large variety of plant's requirements. 
This was done so that any one plant need concern 
itself only with the variables it feels important. 
Next, the data must be capable of being inserted into 
the data base.  Any specific contents of the data base 
must also be modifiable or removable,  The function 
of formatting, addition, modification and deletion were 
all handled by available computer software or by 
special text editing and updating software written 
specifically for the metal cutting data base. 
Several applications were demonstrated using the 
data in the metal cutting data base.  First, a main 
analysis program for detailed analysis of metal cutting 
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conditions was interfaced with the data base system. 
A shop work order form generator was added to this 
program using part operation sequence data.  This 
system is capable of generating actual machining 
instructions for use by operators on the machine shop 
floor.  Finally, a transfer line simulation system 
was demonstrated to be technically feasible within 
the contexts of this data base system.  A complete 
proposal for future work in this simulation area is 
contained as Appendix III of the thesis.  Other 
ideas for more applications are contained throughout 
the main body of the thesis and in Chapter 9. 
The economic feasibility of the system was discussed 
in Chapter 6.     Here, the system was shown to be 
useful in work conducted at a medium sized job shop 
near Lehigh University.  This work resulted in 
documented cost savings.  Furthermore, it is natural 
to assume that the more the data is used the more 
valuable the data base system becomes.  This is 
because when more applications programs are written 
around the data base, existing applications programs will 
not have to bear so much of the data base overhead. 
Other qualities of the data,base system make it 
more valuable. The entire system as well as most of 
the applications programs can be used in the real time 
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mode from a remote input-output device such as a 
teletypewriter or cathode ray tube display.  This 
means that the system could be used as a time 
sharing applications program.  Now, the smaller shops 
without direct access to a digital computer can use 
the system to their benefit.  Many plants will be able 
to use the same data base maintanence programs because 
of their generalized nature. 
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Chapter 9 
RECOMMENDATIONS FOR FUTURE WORK 
The thesis system demonstrates the technical 
feasibility of a generalized data base.  However, 
more work can be done to expand this generality.  This 
would make the system easier to apply to a wider range 
of plants and applications. 
It might be possible to solve this generalization 
problem through the use of commercial data base systems. 
These should be investigated more closely.  Also, time 
sharing networks should be contacted to see what 
would be involved in making the data base system 
applicable as a time sharing applications program. 
There is a tremendous potential to plan, design 
and implement new applications programs which use the 
data base.  Some ideas have been discussed in various 
sections of the thesis.  Such applications as 
automatically generated operator N/C incentive rates 
and transfer line simulation would benefit planning, 
standards, estimating and manufacturing engineering 
departments.  Other applications might, for instance, 
involve such ideas as... 
1.  Using the data base to aid in the control of 
machine tools with levels of sophistication 
from mass production thru direct numerical 
controlled machines thru job shop type machines 
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2. Doing statistical and economic analysis on 
the data in the data base. 
3. Using the data base as a framework for 
experimental work in metal cutting areas. 
There is further potential to reduce the costs of 
data collection for this system.  Such ideas as direct 
collection of metal cutting data using mini or micro- 
computers as discussed in Chapter 4, have great 
potential for future work. 
Lastly, the economics of data base systems 
deserve more attention.  There is a need to develop 
a formalized model to represent the cost vs. benefits 
for the data base.  This model should permit any one 
shop to identify how much work should be put into data 
collection and maintenance. 
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Appendix I 
COMPARISON OF MACHINING DATA SYSTEMS 
The object of this appendix will be to compare 
three numerical control machinability and part 
programming systems to the main processor (1) and 
thesis work which currently make up the LEHIGH system. 
The General Electric Carboloy System, the FAST 
programming system and the EXAPT system will be examined. 
A short narrative for each system follows, concluded by 
a reference table for comparison of all four systems. 
The General Electric Carboloy System (15)- To 
determine speeds and feeds, linear modifications are made 
for changes resulting from coolant, surface, tool and 
profile factors.  Exponential based modifications are 
made for hardness, tool life, feed, depth of cut, and 
flank wear.  Modes of program operation include the 
ability to recommend cutting tools and conditions for 
minimum cost and maximum production.  Horsepower is 
calculated and cutting conditions are printed.  There is 
no extensive machine file for a search on feeds and 
speeds on a specific machine tool.  The System is not a 
parts processor. 
The FAST programming system (15)- is mainly a 
numerical controlled parts programming language similar 
to APT (15) or AUTOSPOT (15).  Cutting conditions are 
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generated on the basis of machinability ratings 
recommended for each material and operation.  Conditions 
can be recommended for several tool types in the 
same sub-grouping mentioned above.  These conditions 
are further modified by the program as needed, on a 
linear basis only.  Cutting conditions are then 
applied to specific diameters and machine tools, and 
then printed.  Although machining economics are 
considered, the system is mainly concerned with 
planning a feasible process to make a part, generating 
an acceptable machine tape and setting standard times. 
The EXAPT System (15) is a relative of the APT 
System containing a more extensive technological and 
economic optimization capability. As in the Carboloy 
System, economic determination of cutting conditions is 
based on extensions of the Taylor tool life equation (2) 
Tool life preset values are calculated after estimated 
labor and machining overhead costs are introduced.  In 
this way, optimum tool life can differ depending on 
what machine tool and cutting tool is being used. 
The LEHIGH System (1) assumes a predetermined 
process sequence as data input, it is not a parts 
programming system.  The system uses the classical metal 
cutting cost equations coupled with discrete cutting 
conditions of many possible natures, including shop, 
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experimental or published machinabi1ity recommendations. 
These equations are used to develop costs and production 
rates for discrete cutting conditions.  A search is 
then conducted to determine the best suited among the 
conditions analyzed.  Exponential or linear modifications 
are used for adjustments such as machine rigidity and 
related work materials.  Data base systems and files 
are used to handle storage requirements for machine 
tool descriptions, discrete metal cutting observations 
for specific materials and operations, related work 
materials and part operation sequence data. 
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Appendix II 
PROGRAM FLOWCHARTS AND DOCUMENTATION 
Both the part sequence and machining data 
collection programs allow a remote input/output device 
to quiz its operator in a real time mode.  This is to 
permit proper entry of all the information necessary 
to do a particular job.  The computer routines which 
make up the part coding program are similar to those 
of the machining data collection program.  For this 
reason, only one of these programs will be documented. 
DCODER and PCODER differ only in their data structure. 
Both programs are adaptable to dependent and 
independent variables in a given plant without re- 
programming.  Both programs include the same basic 
operation modes, CREATE, ANALYZE, LIST, MODIFY, SAVE, 
MERGE and END.  Both are designed to be helpful to the 
beginner by providing detailed requests and faster for 
the experienced user by using abbreviated input 
formats. 
A.  Main routine for DCODER 
The main program is set up so that the five 
modes of program operation can be acted on.  Its 
basic function is to quiz the user to determine that 
mode along with other basic information such as data 
set names and codes.  Data security is maintained and 
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tests are included here to reduce the likelihood of 
a user accidentally losing data.  A flow chart for this 
setup is shown in Figure A-2-1. 
B.  Subroutine READIN 
This important subroutine is responsible for 
reading all user input from the remote terminal.  It 
then does many operations on this input in order as 
shown in Table A-2-1.  These operations on input are 
used to great advantage at points in the system where 
user input is needed.  When a calling program poses 
a question to the user, it immediately calls the 
READIN routine.  READIN then reads the user's input 
and does the proper operations on this input.  Following 
this, it sets the proper logical switches as in Table 
A-2-1 and then directs a return to the calling program. 
It is then the calling program's job to decide whether 
the user gave a correctly formatted answer based on the 
logical switches set in READIN.  If the correct form 
of input was received, the calling program can go on 
to the next inquiry.  Otherwise it willrgo back and ask 
the question again.  Note that if the user is confused 
and requests information by entering the word HELP as 
input, READIN will automatically direct a call to 
subroutine HELP. 
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@\ Create 
M )    Ml     M 
Figure A-2-1  Main Program Flowchart for DCODER 
7-3 
No. Readi n Operations on Input 
1 . 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 . 
IF no more data left in previous string, READ new 
input. 
Count number of characters entered until end of 
entry or delineator is encountered 
Format data entry into appropriate output words. 
Eliminate blank characters from input being 
examined. 
Format compressed data above into appropriate 
output words. 
IF compressed output = "HELP", call the HELP routine 
and return to calling program. 
Check for special characters on input, set 
appropriate switches. 
Check for "YES", "Y".or "NO", "N" and set appropriate 
yes and no switches in program. 
Check if legal floating point number; if so, set 
switches, format number into appropriate output word. 
Check if legal integer; if so, set switches, format 
integer into appropriate output word. 
Return to calling program. 
Table A-2-1  READIN operations on user input 
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C. Subroutine HELP 
This routine is called by READIN whenever the user 
enters the word HELP at the terminal (Refer to 
Figure 5-7).  It works when a calling routine integer 
variable is given a location number corresponding to 
a message to be printed.  HELP contains the proper 
control structure to direct the printing of that 
message.  If no message is available, that is, if the 
programmer did not include the proper HELP message 
and location in the calling program, then the routine 
prints the message, "No help here." 
D. Subroutine DATAIN 
This subroutine reads level one permanent or 
temporary file data into core storage, the main 
memoryfor DCODER.  The program must know which file to 
read from, and, that file must be positioned at the 
head of the proper data set to be read.  This file 
positioning is the function of subroutine DSEARCH.  The 
current DATAIN readin format is structured around the 
Lehigh Machining Data Base System although this is 
versatile as previously discussed. 
E. Subroutine DUMP 
This small routine is responsible for moving 
data from core storage, the main working data area in 
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DCODER, to the level one temporary output file, F5 
in Figure 5-3.  DUMP is called when the user enters 
the program operation mode SAVE.  Note that once 
again, the format for the data dump is structured 
around the Machining Data Base System. 
F. Subroutine DSEARCH 
This routine is responsible for searching the 
level one permanent and temporary files (File 1 and 
File 5 in Figure 5-3) for the proper data as directed 
by the user.  There are two modes of search strategy. 
The user can enter a material name (ex. 4340 steel) 
and a three character data set code.  In this case 
DSEARCH will position the proper file at the head of 
that data set.  The user can also enter a material 
name and an operation code (ex. turning) in which case 
DSEARCH will simply list data set codes for the data 
sets corresponding to that material and opcode. 
G. Subroutine LIST 
This routine is capable of printing a particular 
data set in core storage.  The user is quizzed as to 
which parts of the data he would like to see.  It is 
not necessary to view an entire data set, a process 
that may be time consuming at some of the slower remote 
input/output devices. 
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H.  Subroutine CREATE 
This routine is responsible for quizzing the user 
to set up new data sets.  The usual procedure is for 
CREATE to first make inquiries to the user about the 
general nature of the new data set.  Then the user is 
asked what specific dependent and independent variables 
he would like to include for each element of the 
new data set.  The CREATE routine then asks how many 
elements need be coded for that data set. 
Next, CREATE actually makes the proper inquiries 
so that the user can fill in the dependent and 
independent variables for each data element. 
Programming in the CREATE routine combined with 
flexibility made possible through the use of READIN 
allow for good CREATE versatility.  As stated before, 
the inexperienced user can get informative help at the 
terminal.  The experienced user can enter several 
elements of data at once by separating them with the 
delineator character ",". 
I.  Subroutine MODIFY 
This routine has the capability of changing any 
elements of a data set or a data set heading.  To 
change any particular data points, the user is asked 
to specify the data element numbers and parameter 
variable numbers for those points he wishes to modify. 
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MODIFY is really an extension of the CREATE routine, it 
directs that only specific questions be asked. This is 
in order to modify specific points in a data set. 
J.  Subroutine ANALYZE 
This routine is called when the user enters the 
program operation mode ANALYZE.  A data set must be in 
core storage for ANALYZE to work.  Its job as currently 
implemented in the system is to test for data set 
completeness.  For instance, almost every conceivable 
machining operation involves some critical independent 
variables, usually diameter and speed fall into this 
category.  Should an analysis be done on a data set 
that is incomplete,  (e.g. Selected diameters or 
speeds were not specified.)  ANALYZE will give 
explicit comments to this effect.  Calling mode ANALYZE 
after CREATE is good user practice.  This procedure 
will verify the completeness of the newly created 
data set. 
K.  Program MERGE 
This program is called when the user enters the 
program operation mode MERGE.  Its execution is 
entirely separate from that of DCODER.  Through the use 
of special routines, when MERGE is running, program DCODER 
is not in working storage.  At the end of the merge 
operation, DCODER is moved back into storage and its 
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execution begins again. 
The program's job is to copy the contents of the 
level one temporary file to the permanent file (F4 and 
Fl-B on Figure 5-3) replacing data sets on the 
permanent file with those already copied from the 
temporary file.  This process completes the sequence 
in allowing the user to modify a data set on the 
permanent file using the basic DCODER operation modes 
MODIFY, SAVE and MERGE. 
As previously stated, the setup for PCODER is 
almost identical to DCODER's structure.  The only 
difference is that PCODER deals with the part operation 
# 
sequence format while DCODER deals with the level one 
machining data format.  Both these formats are 
currently described in the Machining Data Base System. 
One important difference in PCODER is that its format 
is established when the user enters the analysis 
system mode of operation and type of machining 
operation.  For instance, if the operator enters an 
operation requiring a cost parameter list, the program 
will ask him to code one, otherwise this step will be 
skipped.  Or, the program will ask for a width of cut 
for milling type operations only, since turning and 
drilling do not involve a width variable.  This 
programmed-in logic is a time saving feature which also 
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eliminates some possible user confusion. 
In conclusion, Table A-2-2 gives the names, lengths 
and a brief description of every  program or subprogram 
used directly in.the data base maintenance system. 
Routines are either of the program or subroutine type. 
Program routines are usually made up of several 
subroutines which also may be listed in Table A-2-2. 
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Appendix 3 
A PRACTICAL, EXPERIMENTAL TECHNIQUE TO EVALUATE THE 
DESIGN AND POTENTIAL OPERATING CHARACTERISTICS OF A 
TRANSFER LINE MACHINE 
A. Abstract 
This research proposal is concerned with 
developing a computer assisted simulation system to be 
used as an aid in design and evaluation.  It is the 
intention that this system provide maximum flexibility 
in analyzing situations proposed by engineering and 
management personnel while requiring a minimum input 
of process data. 
The approach will be to utilize a software 
package called GASP which is a Fortran based 
simulation language currently operational at Lehigh 
University.  In addition,the thesis system will be 
used to organize and analyze the required machining 
data. 
B. Introduction 
Labor and handling of many products during their 
production is a large part of the production costs. 
Therefore, in order to reduce these costs, while 
increasing production rates, a manufacturer has the 
option of using transfer line machines.  When we 
attempt to produce a machined part using the transfer 
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line concept, we run into several major obstacles.  A 
machining line must have multiple stations, 
approximately as many as the number of operations 
presently used to produce the part.  The capital 
outlay of such a line is very  high, while the machine 
itself is usually inflexible. 
Manual calculations of sequence, required 
horsepower, production rates, and in process inventory 
sizes are complicated and time consuming.  A 
simulation device which would use actual data from the 
shop floor and statistical distributions of parameters 
such as tool life, could calculate the production 
parameters for a transfer line producing any type of 
part.  This would be a tool of innumerable value for 
the design engineer and the production manager in 
terms of examining and evaluating the alternatives and 
savi ng manhours. 
C.  Simulation 
The simulation program called GASP is a FORTRAN 
based simulation language used to simulate operation 
of a transfer line.  GASP is defined by its authors as 
a "discrete event simulation" meaning that it 
basically handles "events" in a sequential manner to 
simulate actual events.  The authors (14) describe the 
four steps of a simulation in general as: 
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1. Determining that a problem requires 
simulation. 
2. Building a model to solve the problem. 
3. Writing a computer program that converts a 
model into an operating simulation program. 
4. Using the computer simulation program as an 
experimental device to study the system that 
the program represents. 
The aim of the simulation model is to reproduce the 
activities that the entities of a system engage in and 
thereby learn something about the behavior and 
performance potential of the system.  The system is 
comprised of several entities and affected by 
environment.  An entity is simply a thing, being, real 
substance that has associated with it descriptive 
attributes.  The state of the entity is changed by 
activities or events.  The purpose of GASP, then, is 
to model the system by describing the entities in 
terms of attributes and describing what happend between 
events of the simulation.  To do this, GASP has 
defined a file system which is very briefly: 
FILE 1 - EVENTS FILE 
FILE 2-N - USERS FILES 
The events files store the time of an event, and 
what event this is.  When the time becomes the time of 
the event, the event occurs.  The users files can be 
used to keep queues, describe entities, just about 
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anything.  Each file is limited to 10 attributes, but 
this can be modified. 
Examples demonstrating the use of GASP are given 
in the reference. (14)  The applicability of GASP to 
this problem is described in the next section. 
D.  Applicability of Gasp to the Transfer Line Problem 
The use of GASP to simulate the transfer line as 
a project at Lehigh is attractive for two principal 
reasons:  1)  the program is available and supported 
locally (with users familiar with its operation also 
available locally), and 2)  GASP adequately 
accomplishes such simulations providing statistical 
information valuable in the analysis of different 
design criteria. 
As systems analysts and manufacturing engineers, we 
are interested in optimum operating conditions and most 
efficient operating procedures.  Some of the principal 
parameters, then, for each operation are the feeds, J 
speeds, depths of cut, time of operation, tool life 
expectancy, tool failure probabilities, and so on. It 
is, therefore, also proposed that this simulation make 
use of a computer-aided system for the generation of 
machining parameters under development at the 
University.  This system could provide all of the 
above information for varying conditions and constraints 
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The purpose of the simulation is to study the 
expected operations of the system and determine 
operating effects of varying such things as speeds, 
feeds, tool changes, planned maintenance shutdowns, 
queue sizes, etc. 
E.  Problem Description 
The overall problem has been summarized in the 
previous section.  It is my hope here to present some 
of the entities and events for consideration in a 
general transfer line process.  These will be 
presented in a manner similar to their inclusion in 
GASP with events described first, then files (queues), 
then statistics collected. 
Events : 
(The following list is admittedly incomplete, but 
should give the reader a general idea of the simulation 
approach.) 
1. For each machine station (process) 
A. Arrival of part 
B. Finish current operation 
C. Part leaves station 
2. For each bank of stations (No in process queue) 
D. Arrival of a part 
E. Departure of a part 
3. Periodic events-sctieduled  " 
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F. Shutdown bank for tool change(s) 
G. Maintenance shutdown 
4.  Periodic events-unscheduled 
H.  Tool breakage 
I.  Bank shutdown - no parts arriving 
J.  Machine breakdown 
Files: 
1 .  EVENTS FILE (always) 
2.  -2+1 = in process queue files where I is the number 
of in process queues 
(2+1)-(2+I+M) - machine station files where M is the 
number of machine stations.  These files could aid 
in keeping statistics on time between breakdowns, 
tool change, tool failure probabilities, etc. 
Statistics: 
A. Operating time {%) 
B. Waiting time per operation (find bottlenecks) 
C. Time between breakdowns 
D. Time between tool failures 
It should be noted that when the program is set 
up properly, GASP maintains these statistics 
automati cally. 
As the model is developed, more events, statistics, 
and files may be added easily, (another benefit of GASP) 
to more closely represent real operations for more 
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reliable results. It should be noted that machining 
parameters are for the most part accurate since they 
are based on real data. 
F. Parameters 
As was mentioned previously, an additional 
capability of this simulation is to use an existing 
system for the generation of machining parameters. 
The system exists or can be modified to search 
existing actual data to find the best cutting condi- 
tions under given constraints.  For instance, the 
bottleneck operation (longest cycle time) may use 
data giving maximum production while a drilling 
operation may find data subject to the constraint that 
tool life be two tool-change cycles, and so forth. 
We, therefore, have flexibility in our data base 
thereby more easily allowing variations in simulation 
parameters to study the effect of these variations. 
Other parameters such as transfer times, queue 
sizes,- etc. are primarily the responsibility of the - 
process design engineers. 
G. Proposed Research 
In order to provide a powerful, computer assisted 
transfer line evaluation tool, the interface software 
in four major areas must be developed. 
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Materials - In addition to having a large bank of 
reference data for each type of cutting operation, a 
simple, yet efficient method of collecting, storing, 
and modifying this data is necessary to provide the 
required flexibility for simulating a new design. 
Work in this area will be devoted to the development 
of system utility programs to edit, sort, and index 
material data sets.  These utilities will be 
designed to operate in an on-line mode with control 
based at a video screen or a Teletype terminal. 
Part - When investigating the flexibility of a 
machine design, a better evaluation may be made if the 
ranges of operation have been determined.  This includes 
the investigation of exising related parts, proposed 
new part designs, and general practical limits of the 
transfer line.  In order to provide these capabilities, 
it will be necessary to design programs which permit 
resequencing of the part, adjustments to the cutting 
conditions of each operation, and on a long range 
horizon, provide a computer optimized part sequence 
based upon the machine design, horsepower requirements, 
and minimum cycle time.  This last set of programs will 
require additional supervisory programs to coordinate 
efforts with the machine utility programs.  These 
programs will be designed to operate in an on-line mode 
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from a video screen or a Teletype terminal. 
Machine - The basic machine design will remain a function 
of the part to be made, however, once it has been 
entered into the system, there must be a way to access 
the machine information and modify it in order to meet 
the new constraints imposed by part or material 
modifications.  Sort and modification programs must be 
written to interface with the utility programs of the 
other two function areas.  In addition, a set of 
supervisory programs are needed to provide automatic 
interface and manual override as wanted by the 
designers.  These programs will be designed to be 
controlled from a video screen or Teletype terminal. 
Simulation Supervisor - The last area of concern is 
that of the supervisory control over the simulation and 
evaluation of the machine design.  The simulator will 
be a modification of GASP II, an events oriented 
simulation package.  This package, when interfaced 
with the machining system, will enable the designer 
to determine the production rate which is possible, the 
optimum in-process inventory levels, and the expected 
transfer line operating cost.  Real life parameters 
may be included in the simulation, such as: 
a) tool breakage rate 
b) batch hardness variations 
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c) tool inventory (and stockout levels) 
d) tool wear functions 
e) part misalignments and consequent downtime 
In fact, the flexibility of the simulator is such that 
any parameter may be added as long as some distribution 
of rates of occurrences can be estimated. 
A general supervisor is also required to 
coordinate the other functional areas.  It will be 
primarily system execution sequences which can be 
stored in tape libraries and may be accessed by 
commands given through a video screen or Teletype 
terminal . 
H.  Facilities 
Computer - Lehigh University has available a CDC 
6400 computer.  It is one of the largest research 
oriented machines of its kind in the world.  There are 
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approximately 5.0 x 10 words of on-line core storage 
with virtually unlimited off-line disk storage. 
In addition to the central site, there are six 
remotely located Teletypes with paper tape facilities, 
five remotely located Hazeltine 2000 CRT terminals 
(video screens), and two Hayeltine 1000 CRT terminals. 
The central computer is also accessible from off campus 
sites by telephone. 
The major software consists of three FORTRAN, one 
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COBOL, and one BASIC compiler and an extensive library 
of supporting programs and functions. 
Main Analysis System - This is a series of 
programs which performs machining analyses on 
machining operations for production parts.  It can be 
set to analyze the part on a minimum cost or maximum 
production basis.  A small amount of modification will 
be necessary and it will fit in as a calculation and 
analysis module. 
Data Base Setup - A working system to handle the 
material and part operation description function of 
the simulation proposal as defined in this thesis. 
This system is capable of on-line operation, it should 
fit in with the on-line similation system proposed. 
GASP II - A FORTRAN based simulation package 
developed by A. A. B. Pritsker (14) of the University of 
Arizona, GASP is able to simulate complicated 
production systems by breaking them down into their 
components and programming the component logic and 
distributions as subprograms. 
Process Lab - The Department of Industrial Engineering 
has at its disposal  a machining processes laboratory for 
experiments in all phases of machining.  At present it 
houses three LeBlond 16" engine lathes, two Cincinnati 
knee milling machines, a Pratt and Whitney six face turret 
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lathe, a Pratt and Whitney surface grinder, two 
drill presses, a small N/C drill press, and 
assorted measuring instruments. 
I.  Conclusions 
A simulation study of the transfer line process, 
can be done and the results should be of benefit to 
the design engineers if for no other reason than 
confirming their assumptions of the behavior of the 
system they have outlined.  A good simulation could 
be updated during the actual operations of the line 
to study the effects of variations in the process. 
Lehigh University has the technical expertise in both 
GASP (simulation) and manufacturing engineering 
(machining parameters generation).  The conclusion is 
that at least in theory, the project is both feasible 
and practical. 
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